The forensic examination of a person suspected of having been sexually assaulted encapsulates the breadth of forensic medicine possibly more completely than any other situation in forensic practice. Whether in the living or deceased, detection of injury and biological material to support or exclud e sexual activity requires a careful, methodical approach to ensure robust evidentiary value and an understanding of genito-anal anatomy and sexual physiology to interpret its significance for the courts. This paper is not intended as an exhaustive guideline but aims to provide a general overview of the key components of forensic sexual assault examination highlighting the common and different aspects in living and deceased persons. Acad Forensic Pathol. 2018 8(4): 912-923 
INTRODUCTION
The available literature on the forensic medical aspects of sexual assault, as with all areas of medicine, is written from the perspective of the various authors' experience and, as a consequence, varies widely depending on whether it emanates from an environment with a primary care, emergency medicine, trauma, surgical, or pathology focus. Injuries seen by clinicians working in rape crisis centers will differ from those seen by their forensic pathologist colleagues, and persistence and ability to retrieve biological material will vary in different scenarios. The area of sexual assault medicine has derived great benefit from interaction and collaboration between forensic clinicians and pathologists whether it be at the hospital bedside, in the mortuary, or in court. Jurisdictions where forensic pathologists perform both autopsies and clinical forensic examinations are responsible for key research in the field (1-3).
Despite jurisdictional variation in sexual offense law, clinical and laboratory practice, and service resources, the development of standardized protocols for forensic examination and evidence collection kits has facilitated sexual offense investigation and increased the likelihood that medical evidence will be relied upon (4) . While injury can provide evidence of penetration, it cannot determine consent because injuries may occur as a result of consensual sexual intercourse. Biological material such as semen, sperm or saliva may provide evidence of contact (eg semen on skin, saliva on genitalia) or sexual penetration (eg semen in vagina or anus). Lawyers involved in sexual assault cases will vary their dependence on the probative value of injury and biological evidence depending on case characteristics, whether it be proving sexual contact or corroborating a physical struggle (5) . Because a forensic examination is usually conducted early in the investigative process, often before witness interviews and scene processing has occurred, the likely issues of a case are still unclear and as such, the responsibility to perform a thorough examination and collect all evidence of potential value rests with the forensic medical examiner.
Poor quality or insufficient forensic medical evidence has been identified as a common barrier to the prosecution of sexual assault cases (6) . Although sexual assault does not always result in injury (7, 8) , the presence of injury has been found to influence decisions at all stages of the legal process including investigation, prosecution, conviction, and sentencing; even minor injury may be of significance depending on the nature of a case (9) . Furthermore, the multidisciplinary nature of criminal investigation teams means that the quality of communication between police, medical examiners, laboratory professionals, lawyers, and judges significantly influences how forensic medical evidence is used in sexual assault cases (5, 10) .
Most jurisdictions will have developed their own, or have access to, forensic examination protocols that meet local legal and laboratory requirements and there exist many reputable forensic texts that address the full scope of this topic. This paper does not seek to supplant these but is intended to provide a general overview with points for consideration in relation to examination of body surfaces and openings (i.e., mouth, vagina, and anus), relevant to both clinician and pathologist forensic examiners. The specialized nature of pediatric and geriatric sexual assault requires separate consideration and will not be covered in this paper. Similarly, internal pelvic dissection is an important adjunct to external/clinical genito-anal examination at autopsy but will not be addressed in this paper.
DISCUSSION

Role of Information in Directing Examination
Although forensic sexual assault examination in a clinical setting will be directed by the complainant's account of events to some extent, the effects of recent trauma, altered consciousness, or intoxication may mean such information is not always available. They may be unaware of minor injuries of forensic relevance and unable to tell whether penetration or ejaculation occurred or whether a condom was used (2, 11) . Use of a standardized protocol for examination and collection of samples ensures all potential evidence is collected, even when there is limited information available. In a deceased person, the absence of a per-
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sonal account of events increases the importance of the standardized approach. In using standardized protocols, however, it should be acknowledged that the varied nature of sexual assault scenarios may require examiner discretion to, for example, collect additional swabs or use a different examination technique to maximize evidence collection.
Identifying General Bodily Injury
In the clinical setting, detection of injury on the body is used to corroborate or exclude a complainant's account of events, whereas at autopsy it may be the only indication of what has occurred at or around the time of death. In both situations, minor injuries may be crucial. Finger pad bruising on the limbs or neck, suction-type bites, circumferential bruising to wrists or ankles, bruising to the inner lips or behind the ear pinna, petechiae in the eyes or on the palate, finger nail abrasions on the neck, and brush abrasions on the knees or bony prominences of the back (12) will shed light on events associated with the death and should be recorded carefully by written description, diagrams, and photography. Equally, the absence of bodily injury may be informative, allowing exclusion of certain scenarios.
Where it may not be possible to say definitively whether findings in a clinical setting are traumatic in origin or not, in a deceased person their nature can be accurately identified, if necessary, by dissection and histology. Similarly, traumatic bruising that is not visible on the surface of the body can be located by dissection.
Identifying Oral, Genital, and Anal Injury
The detection of injury in the mouth, vagina, or anus requires good lighting and in the case of vaginal and anal forensic examination, the use of transparent plastic speculae and anoscopes to avoid obscuring sites of potential injury (Figure 1 ). Use of a swab or Foley balloon catheter to display hymenal edges may improve injury detection. In clinical practice, sex-related injuries to the vaginal walls and cervix are not commonly seen; this may relate to the difficulty associated with visualizing the vaginal fornices by speculum and the entire mucosal surface due to rugae. At autopsy, dissection will allow comprehensive inspection of all mucosal surfaces for injury.
Oral injuries due to penile penetration, whether consensual or nonconsensual, may be seen on the frenula, palate, gums, buccal surface of cheeks, tongue, and lips and include abrasions, bruises, and petechiae (13) .
Taking into account legal definitions of the vagina and anus, and in the absence of other recent nonsexual penetrative events such as tampon use or speculum examination including injury during the forensic examination itself (14) , the presence of recent injury in the vagina or ano-rectum will corroborate penetration. The absence of injury, however, will not exclude it.
Genito-anal appearance varies widely and familiarity with the normal noninjured genitalia and ano-rectum is essential to avoid over-identification of injury in these parts of the body. Lacerations, abrasions, and bruises are seen after both vaginal and anal penetration. The most likely genital areas to be injured during vaginal sex are the posterior fourchette, fossa navicularis (Images 1 and 2), labia minora, and hymen/hymenal remnant (1, (15) (16) (17) (18) (19) . Of the more severe sex-related vaginal injuries, the most commonly described is a posterior wall/posterior fornix laceration thought to occur during sex because these parts of the vagina are more firmly connected to pelvic musculature and, therefore, less flexible (20, 21) . Table 1 describes the various types of blunt force injury which may occur during sexual penetration of the female genitalia.
Detecting sex-related genital injuries, which are usually small and superficial, on the female genitalia, with its many creases and rugae, can be difficult, but examination enhancement techniques such as magnification (colposcopy), staining with toluidine blue (22) , or the use of ultraviolet light (23) will increase the likelihood of detection. Toluidine blue is said not to compromise biological evidence but false negatives may occur if any barrier overlies the lesions and false positives may occur in some genital skin conditions (e.g., vulvitis, herpes) (Image 3). Ultraviolet light was Genital injury may or may not result from vaginal penetrative sex, whether it is consensual or not. It is, however, seen more commonly as a result of nonconsensual sex than consensual sex. A review of key studies in this area demonstrated how variation in study methodology gives rise to prevalence rates ranging from 0%-73% for consensual groups and 4%-89% for non-consensual groups depending on type of examination performed (e.g., macroscopic, colposcopic, staining, or combinations of these). Serious genital injury is excluded from these studies that were largely based in primary care environments. More recent prospective primary care research studies that endeavoured to minimize confounding variables found macroscopically detected consensual group injury rates of 10-34% and nonconsensual group rates of 55% (1, 16) . Attempts to identify patterns of injury which distinguish sex-related genital injury occurring in a consensual setting from injury occurring in a nonconsensual setting have not yielded definitive results. However, the most common injury from consensual vaginal penetration has been consistently identified as a single laceration at the posterior aspect of the vaginal opening (20) , whereas nonconsensual vaginal penetration is more likely to result in more than one injury, more than one type of injury, and more than one site of injury (15, 16) .
Less information is available with respect to injuries resulting from anal penetration and published research focuses almost exclusively on nonconsensual study groups; in a recent study, 27% of 174 women reporting nonconsensual completed anal penetration sustained injury, most commonly perianal lacerations (7). Perianal lacerations due to anal penetration are commonly radial, not limited to the midline, and frequently extend into the anus (Image 4) (22) .
Laceration Laceration
Image 4: Perianal lacerations and redness (25) .
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There is little information available with respect to sex-related male genital injury in consensual or nonconsensual settings or in sex offenders.
Documenting Injury
Comprehensive recording of injuries descriptively, diagrammatically, and photographically maximizes evidentiary and interpretive value. The inclusion of specific diagram templates for documentation of internal oral, vaginal, and ano-rectal mucosal surface findings in forensic examination protocols and the use of "clock-face" position references allow the forensic examiner to record injuries as they are seen and avoid ambiguity.
Genito-Anal Pain
The question of consent cannot be answered with medical evidence. Variation in individual responses to pain and the existence of consenting sexual practices that involve the purposeful infliction of painful injury on participants reduce the weight of injury evidence with respect to consent. In the clinical setting, a complainant can describe to investigators/courts any pain experienced during a sexual act, while a deceased person cannot.
An understanding of female genito-anal sensori-neural supply and the degree of sensation and extent of sensitive clitoral tissue in various parts of the genitalia can assist with advice in relation to the likelihood that an injury was painful or explain why a woman may have been unaware of a serious vaginal injury or retained foreign body (26) . It is not well understood that the upper part of the vaginal canal is not sensitive to touch or pressure and has significantly less free nerve endings than the lower vagina and external genitalia (27) .
Severity of Injury
In the deceased, sexual assault is considered in the context of cause of death; did the sexual assault contribute directly to death, as in the case of severe hemorrhage from a vaginal laceration; did it occur as part of an assault that lead to death without the sexual act being causative, as in fatal blunt trauma or strangulation; or is evidence of sexual activity unrelated to the circumstances of death, having occurred at some time before or after death? In comparison to the clinical setting where most injuries, if detected, will be minor, forensic sexual assault examination in the mortuary can involve the full spectrum of general and genito-anal injury severity.
A recent large primary care study found that with respect to general body injuries, 29% of women reporting an acute sexual assault sustained no visible injury and 52% only mild injury (7) . Most sex-related genito-anal injury research is conducted in primary care settings and describes its prevalence and typology without addressing the issue of severity. Some researchers have explored the validity of a genital injury severity scale in an effort to distinguish between injuries sustained during consensual and nonconsensual sex (28) . However, considerable practical challenges must be addressed if the whole spectrum of sex-related injury seen in primary care, surgical gynecology, and at autopsy is to be acknowledged.
Biological Evidence
In 2009, an Australian man was wrongly convicted and jailed for rape as a result of biological evidence contamination (29) . A UK review of 20 mortuaries in the late 1990s found that 50% had quantifiable DNA on instruments and mortuary surfaces (30) . The serious implications of environmental DNA contamination and contamination during collection of biological material necessitate rigorous attention to pre-and post-examination cleaning protocols, collection of examination surface control swabs to assist with identifying where contamination may have occurred, and single use equipment where possible. Double non-sterile gloves should be worn throughout the sampling process and when handling specimens (31).
Detection of spermatozoa or semen may be highly significant depending on the issues of an investigation, providing a means of perpetrator identification, proof of sexual activity and sexual contact between a Different jurisdictions will vary in laboratory practice using sperm microscopy, detection of seminal biomarkers, and DNA/RNA markers; local protocols and persistence data will usually determine guidelines for collection. Male DNA detection using Y-short tandem repeat (STR) methods have improved outcomes and extended detection times (32) (33) (34) (35) . In the clinical setting, time scale recommendations for sample collection are based on maximum times in published persistence data, but case-by-case discretion is required (31) . While there is a large amount of information published in relation to persistence of sperm on sexual assault kit vaginal samples, less work has been done on oral or anal samples; even less has been published about postmortem recovery of sperm/semen in cases of rape-homicide. One study found little value in use of postmortem prostate specific antigen (PSA) and acid phosphatase (AP) screening to detect sperm in males (36) . After death, sperm appear to survive for longer; the cessation of biological processes that dispel sperm/semen from the body and the supine position of deceased persons likely contribute to the ability to detect sperm/semen for longer intervals (37, 38) .
In a study of sperm persistence after consensual vaginal sex, sperm were best recovered from the posterior fornix, access to which requires speculum examination. Though present in lesser quantities, sperm were consistently found on the external genitalia as well when detected in the posterior fornix (2) . Other studies have confirmed the posterior fornix as superior to external genital and cervical samples for sperm recovery, but that a combination of these sample sites yields the best results (34) .
Sperm or semen from vaginal sex may drain to perianal and anal sites in the supine position and during genital examination care should be taken with interpretation of semen positive anal swabs. Sampling the ano-rectal area prior to internal vaginal examination is recommended for this reason. The ideal order for genito-anal examination and sampling is firstly external genital, then peri-anal, anal and rectal via anoscope, followed by internal vaginal via speculum. Swabs should be labelled in the order they are taken. In the clinical setting, the full sequence of genital sampling is recommended in addition to ano-rectal swabs when only anal penetration is reported in an effort to identify semen transfer between sites; two swabs from each site is recommended (31) .
Forensic sampling should be done as soon as practicable; in the clinical setting, the risk of negative genital swab results after sexual intercourse increases by approximately 3% every hour (34) . International recommendations for routine sampling from the vagina and cervix vary from three to ten days post vaginal intercourse; from the mouth (including oral rinse and peri-oral swab) up to 48 hours post oral penetration; and from the ano-rectum up to 72 hours post anal penetration, dependent on laboratory resources (e.g., ability to analyse fluid samples and availability of Y-STR testing) (31, 39) .
Male genital swabs, if indicated in complainants or offenders, should be taken from the penile shaft and external foreskin, if present; the coronal sulcus and internal foreskin; and the penile glans; sampling is recommended up to 72 hours post-intercourse (31).
Dry swabs can be used for sampling moist skin or mucosa and swabs moistened with sterile water for sampling dry skin; the "double-swab" technique using first a wet then a dry swab has been shown to improve retrieval of material. Rolling of the swab to ensure all parts come into contact with the skin is preferable to rubbing (40) . Swabbing of skin for saliva in sites where contact with a perpetrator's mouth has occurred is worthwhile, even after showering (41) . When bite marks are evident, sampling can be focused on these areas but otherwise is essentially a "blind" process. Current research in this area is exploring means of directing surface sampling (e.g., use of alternative light sources) or sampling large areas of the body (e.g., tapelifts or vacuum devices). Foreign hairs or other material found during the course of an examination should be retrieved and labelled carefully. Due to background 
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DNA, fingernail scrapings or clippings are thought to be of value only when they have been in contact with body fluids (e.g., the fingers of a perpetrator after digital penetration) rather than after reported scratching (30) . Consideration should be given to the potential for transfer of a range of biological material in different sexual contact scenarios (see Table 2 ).
Collection of clothing worn at the time of or since the incident, in particular underpants into which semen may have drained, should be separately bagged in paper. A recent study using alternative light source, acid phosphatase testing, and sperm microscopy demonstrated that sperm persisted on some fabric (cotton and terry towel) after six wash cycles (42) .
CONCLUSION
Forensic examination in sexual assault reflects many of the core principles of forensic medicine from injury interpretation to Locard's principle. However, the interpretation of medical evidence relies upon experience and knowledge gleaned from a range of medical disciplines including sexual health, fertility medicine, dermatology, gynecology, and surgery.
Interaction between primary care clinicians, hospital professionals, and forensic pathologists within or outside the mortuary has significant potential to improve understanding of the complete spectrum of sexual assault medicine. The combined knowledge and experience of all involved in this field together with collaboration to optimize the quality of patient care, medical evidentiary value, and medicolegal death investigation, has the potential to improve understanding of the forensic aspects of sexual assault to the benefit of all. 
